Simple reflex circuits provide crucial infrastructure for the neurological control of organ systemseven the immune system. Now, Gabanyi et al. reveal a reflex mechanism in gut activated by the presence of pathogens that forces macrophages into a tissue protective phenotype.
The bowel is capable of harboring enormous quantities of pathogens and bacterial toxins capable of activating macrophages and other cells in the innate immune system into a damaging, even lethal frenzy. Gut macrophage release of TNF, HMGB1, and other proinflammatory mediators has been implicated in the pathogenesis of inflammatory bowel disease syndromes; lethal intra-abdominal sepsis; and other traumatic, infectious, and inflammatory disorders. Fortunately, these disorders are relatively rare in nature, because evolution has favored tissue protective mechanisms that suppress gut inflammation. Despite their importance, the mechanisms that counterregulate, or prevent, tissue-damaging inflammation, are largely unknown. In this issue of Cell, Mucida and colleagues report protective mechanisms that reside not in the macrophages themselves, but rather in the controlling influence of neural signals (Gabanyi et al., 2016) .
Evolutionary pressure on nervous system development favored simple reflex circuits that confer stability to organ systems in response to changing internal and external environmental circumstances. Such reflex circuits maintain physiological homeostasis during fighting or flighting, resting or digesting, procreating, and countless other requisites for species survival (Figure 1 ). The reflex neural signals to the organs that provide such precise, coordinated control of physiology do not arise de novo, out of nowhere. Rather, as revealed by Charles Sherrington, one of the founders of neuroscience, the simple reflex circuit is the basic organizing unit upon which a nervous system is assembled. A reflex circuit originates with a change in the environment that elicits action potentials in the sensory (afferent) arc. These travel toward the central nervous system to modulate the output of other neural signals that return via motor (efferent) neurons to the innervated system, thereby providing neural modulation of organ function ( Figure) . It all begins with sensing a change in the environment-leading to reflexively coordinated physiology in the gastrointestinal, cardiovascular and other systems.
The first direct evidence for the hardwired reflex control of the immune system arose during studies of an experimental cytokine-inhibiting molecule (''CNI-1493'') (Bernik et al., 2002; Tracey, 2002) . When administered into the brain of rats, CNI-1493 unexpectedly inhibited the production of TNF by macrophages in the spleen and other organs. Cutting the vagus nerve, a major nerve to the body's organs, reversed the suppression of macrophage activation, revealing a mechanism for controlling innate immunity via vagus nerve signals. The neurophysiological and molecular mechanistic basis for this ''inflammatory reflex'' includes signals traveling in the vagus nerve to modulate the activity of the splenic nerve, which secretes norepinephrine in spleen. This binds to b2AR expressed on T cells that are capable of releasing acetylcholine, the terminal neurotransmitter in the reflex that binds to a7 nAChR expressed on splenic and other macrophages to effectively inhibit cytokine release (Wang et al., 2003; Rosas-Ballina et al., 2011) . IL-1, and other cytokines that stimulate sensory signals in the vagus nerve, initiates the sensory arc of the inflammatory reflex. The motor arc counter-regulates inflammation. As noted previously in the pages of Cell and elsewhere, discovery of the inflammatory reflex also provided a mapping strategy for identifying other neural circuit mechanisms in immunity (Andersson and Tracey, 2012) . Now, in elegant and sophisticated imaging and transcriptional profiling studies, Mucida and colleagues find that lamina propria zone macrophages (LpM), residing close to the fecal contents, are primarily proinflammatory, poised to mount a robust inflammatory response should the epithelial barrier be breeched. On the other hand, muscularis macrophages, located deeper in the gut wall, are primarily anti-inflammatory, expressing a tissue protective phenotype. Their search for the mechanism of this phenotypic switch revealed a breakthrough discovery that adrenergic neural signals regulate the tissue protective switch by norepinephrine signaling through b2 AR. Importantly, the presence of pathogenic Salmonella in the bowel controls the adrenergic neural activity, giving evidence of a protective reflex that enhances the presence of tissue protective macrophages during potential inflammatory damage. This is the first direct evidence of a closed loop neural reflex that regulates gut immunity-and it adds importantly to the growing list of neural reflexes implicated in modulating innate and adaptive immunity.
As with all rapidly emergent fields, the list of new questions about hard-wired circuits that regulate immunity is expanding, and the opportunity for major new discoveries is enormous. As showcased in the present study, researchers will accelerate progress by focusing on mapping new circuits, rather than by trying to retrofit findings into historic, imprecise, and oversimplified collections of neural pathways, e.g., ''sympathetic vs parasympathetic.'' Tom Maniatis's important discovery that all neurons are uniquely defined by their own clustered protocadherin bar codes further challenges the usefulness of the anatomic dogma, and opens exciting new avenues for mapping oversimplified anatomic and pharmacological groups (Thu et al., 2014) .
The mapping of new reflex circuits will also be accelerated by defining specific environmental changes that activate sensory arcs, as done so importantly by Cliff Woolf's discovery of axon-axon reflexes in TRPV1 neurons regulating innate immunity in tissues (Chiu et al., 2013) . And by following the mechanisms to the termination of the reflex on specific cellular and molecular response mechanisms within the immune system, as done by Arima and colleagues in identifying the reflex control of blood brain barrier permeability to pathogenic T cells (Arima et al., 2012) .
The context of these approaches is hope for new therapies. The accelerating field of bioelectronic medicine is based on the convergence of molecular mechanisms with neural circuits to guide the development of therapeutic devices (Tracey, 2015) . Future patients will use electrons, instead of drugs, because of basic advances in understanding fundamental reflex principles in immunity.
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Figure 1. Basic Reflex Circuits in Immunology
The simple reflex, defined by Charles Sherrington originates with a stimulus that travels in a sensory (AKA afferent) arc. The signals return to modulate tissue responses by traveling in a motor (AKA efferent) arc. The inflammatory reflex is defined by signals that originate in tissues innervated by the sensory vagus, and relayed through brain stem nucleii before descending in the motor vagus to activate splenic nerve signals that increase acetylcholine release from a T cell subset. Acetylcholine signals via alpha7 nAChR to inhibit splenic macrophage cytokine release. Axon-axon reflexes described by Cliff Woolf originate in response to bacteria and bacterial products. The sensory arc in TRPV1 neurons can split to send the motor signal directly back to the tissues via TRPV1 neurons as motor signals in classical sensory neurons. In this case the signals do not require the spinal cord or brain stem. Enteric tissue protective reflex originate in the presence of Salmonella, and presumably other pathogens. The signals activate motor signals in enteric neurons that signals through b2 AR on MM macrophages. Axon-axon reflexes and higher order central regulation likely contribute to modulating tissue protective macrophage phenotypes.
